Regulation of hepatic gluconeogenesis in newborn rabbit: controlling factors in presuckling period.
We have previously shown (Comp. Biochem. Physiol. 77B: 35-39, 1984) that a rapid postnatal increase in hepatic mitochondrial adenine nucleotide content activates pyruvate carboxylation and gluconeogenesis in the newborn rabbit. This study investigated factors limiting flux through the gluconeogenic pathway and examined the physiological stimuli responsible for the activation phenomenon. There is a 2.3-fold increase in total mitochondrial adenine nucleotides, along with a threefold increase in the matrix ATP/ADP ratio, by 2 h after birth, resulting overall in a sixfold increase in the amount of ATP/mg mitochondrial protein. Analysis of gluconeogenic intermediates, measured in freeze-clamped livers between birth and 4 h postnatal, suggests that pyruvate carboxylase controls gluconeogenic flux during this period. Newborn rabbits reared in an hypoxic environment (5% O2) exhibited decreased mitochondrial adenine nucleotide content, decreased rates of pyruvate carboxylation, and depressed blood glucose levels compared with littermates reared in room air or 95% O2. Manipulation of the insulin-to-glucagon ratio in vivo by injecting insulin at birth significantly delayed postnatal increases in the mitochondrial adenine nucleotide content and the rate of pyruvate carboxylation. Conversely, glucagon injection produced a supranormal increase in both mitochondrial adenine nucleotide content and pyruvate carboxylation. In addition, insulin injection prevented, whereas glucagon enhanced, the normal postnatal increase in tissue ATP/ADP. These results suggest that tissue oxygenation and a decreased insulin-to-glucagon ratio promote the rapid influx of adenine nucleotides from the liver cytosol into the mitochondrial matrix, thereby activating pyruvate carboxylation and gluconeogenesis during the presuckling period.